The optimal blood pressure (BP) management in critically ill patients with neurological emergencies in the intensive care unit poses several challenges. Both over and under correction of the blood pressure are associated with increased morbidity and mortality in this population. Target blood pressures and therapeutic management are based on guidelines including those from the American Stroke Association and the Joint National Committee guidelines. We review these recommendations and the current concepts of blood pressure management in neurological emergencies. A variety of therapeutic agents including nicardipine, labetalol, nitroprusside are used for blood pressure management in patients with ischemic and hemorrhagic strokes. Currently, the role of inducing hypertension remains unclear. Hypertensive crises include hypertensive urgencies where elevated blood pressures are seen without end organ damage and can usually be managed by oral agents, and hypertensive emergencies where end organ damage is present and requires immediate treatment with intravenous drugs.
INTRODUCTION
The optimization of blood pressure in patients admitted to the Intensive Care Unit (ICU) with neurological emergencies is challenging. Both over and under correction of the blood pressure are associated with increased morbidity and mortality. Moreover, due to a paucity of data from sufficiently powered randomized controlled trials, the guidelines for blood pressure management are usually based on small studies and expert opinion. This review discusses the presentation and pathophysiological basis for blood pressure abnormalities and outlines the approach to blood pressure management in both ischemic and hemorrhagic strokes.
STROKE
Stroke or a cerebrovascular accident is a leading cause of disability and the third leading cause of death in the United States. It is defined by an abrupt onset of a neurologic deficit that is attributable to a focal vascular cause. 80% of strokes are caused by focal cerebral ischemia due to arterial occlusion, and the remaining 20% are caused by hemorrhages [1, 2] .
Blood pressure abnormalities are a common feature in patients presenting with acute stroke. Strategies for blood pressure management are different for patients with ischemic strokes compared to those with hemorrhagic strokes.
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Cerebrovascular Pathophysiology
To understand blood pressure management in acute CVA, it is important to fully understand cerebrovascular physiology. Under normal physiological conditions, cerebral perfusion pressure (CPP) is defined as the difference between the systemic mean arterial pressure (MAP) and the intracranial pressure (ICP). The brain has the ability to adjust the downstream cerebrovascular resistance by reflex vasoconstriction or vasodilation of the cerebral arterioles in response to changes in perfusion pressure; a process known as autoregulation. Normally, the cerebral blood flow (CBF) remains relatively constant at about 50 ml per 100 g tissue per minute across a wide range of MAP [3] .
Evidence indicates that autoregulation is dysfunctional after a stroke. If capacity for autoregulation does not exist, CBF increases or decreases proportionally to the MAP exposing the brain to ischemia from hypoperfusion, or edema and hemorrhage in the case of an elevated MAP [4] .
BLOOD PRESSURE MANAGEMENT IN ISCHEMIC STROKE
Acute elevations in blood pressure occur in 75% to 80% of patients with acute stroke. The blood pressure usually decreases spontaneously over the next 7-10 days [5] . This post stroke hypertension is likely a compensatory response to maintain and even increase CPP and CBF to the ischemic penumbra. However other mechanisms including stress, pain, nausea, urinary retention and elevated intracranial pressure have also been postulated.
Numerous studies examining the relationship between admission or early changes in blood pressure and outcome after stroke have shown a U-shaped relationship between presenting BP and outcome after ischemic stroke. In these studies extremes of blood pressure, both high and low, were associated with a poor outcome [6] [7] [8] [9] [10] . A study by LeonardiBee and co-workers demonstrated that for every 10mmHg increase in SBP above 150mmHg the risk of early death increased by 3.8%. Additionally for every 10 mmHg of SBP below 150 mmHg, the risk of early death increased by 3.6% and the risk of late death and dependency increase by 17.9% [6] . Low blood pressure may lead to cerebral hypoperfusion and increased likelihood of cardiac events, whereas high blood pressure may cause worsening cerebral edema, with both leading to poorer outcomes [6] [7] [8] [9] [10] .
In the following sections we will review the approach to blood pressure management in patients with acute ischemic strokes who received thrombolytic therapy as well as those who did not.
Blood Pressure Management Following Thrombolytic Therapy
Randomized, controlled trials demonstrated that intravenous rtPAtherapy is beneficial for select patients with acute ischemic stroke who receive treatment within 4.5 hours of symptom onset at designated stroke centers.
Strict blood pressure control is critical prior to and during the first 24 hours following thrombolytic therapy as uncontrolled blood pressure increases the risk of intracranial hemorrhage in this population [5] . Patients with a blood pressure above 185/110 mmHg should be treated with intravenous labetalol or intravenous nicardipine. If this does not lower the blood pressure into the acceptable range, the patient should not receive rtPA [5] .
Once thrombolytic therapy has been administered the blood pressure should be aggressively controlled over the next 24 hours and must be maintained below 180/105 mmHg during this period. Frequent blood pressure monitoring is recommended to ensure that the blood pressure remains in the acceptable range and that hypotension due to over treatment does not occur [5] .
Blood Pressure Management in Patients Not Receiving Thrombolytic Therapy
Studies on the management of hypertension in ischemic stroke have arrived at conflicting conclusions and only a few randomized trials of blood pressure lowering in acute ischemic stroke have been published [11] [12] [13] [14] [15] .
In a randomized placebo-controlled trial involving 350 patients oral nimodipine was started within 48 hours after ischemic stroke onset [11] . The nimodipine group had significantly lower systolic and diastolic blood pressures. However, the functional outcome at 3 months was similar in the 2 treatment groups and a significantly higher mortality rate was observed in the nimodipine group [11] .
The Scandinavian Candesartan Acute Stroke Trial (SCAST) randomly allocated 2029 patients with acute ischemic or hemorraghic strokes and a systolic BP >140 mmHg within 30 hours (mean time 18 hours) of symptom onset, to receive either candesartan or placebo. They achieved a mean systolic BP difference of 5 mmHg (p < 0.0001) between groups over 7 days. During the 6-month follow-up, the risk of the composite vascular endpoint did not differ between treatment groups but the analysis of functional outcome suggested a higher risk of poor outcome in the candesartan group [12] .
The CHHIPS trial enrolled 179 adults with ischemic stroke or cerebral hemorrhage (approximately 14 percent) and an admission systolic blood pressure (SBP) >160 mmHg. Patients were randomly assigned to antihypertensive therapy (target SBP 145 to 155 mmHg) with labetolol, lisinopril or placebo within 36 hours of symptom onset. There was no significant difference in early neurologic deterioration at 72 hours between the antihypertensive treatment and placebo groups (6 versus 5 percent). However, there were few outcome events, and the confidence intervals were wide. In addition, the trial excluded some patients on pre-existing antihypertensive therapy, a group that might be expected to deteriorate with blood pressure lowering in the early phases of ischemic stroke [13] .
The Continue or Stop Post-Stroke Antihypertensives Collaborative Study (COSSACS) enrolled patients on antihypertensive medications within 48 hours of ischemic or hemorrhagic stroke. The patients were randomly assigned to either continue or stop antihypertensive drugs. At two weeks, there was no significant difference between groups for the primary outcome of death or dependency; the difference between the 'continue' and 'stop' groups for systolic (13 mmHg) and diastolic (8 mmHg) blood pressure was significant [14] .
The Efficacy of Nitric Oxide in Stroke (ENOS) trial is an ongoing study which aims to assess the effects of treatment with 5 mg transdermal glyceryltrinitrate (GTN) over 7 days in hypertensive patients with acute stroke (IS and ICH) presenting within 48 hours of symptom onset. In addition, a subgroup of patients previously on antihypertensive treatment will also be randomized into temporarily stopping or continuing antihypertensive medication. The results of this study, with over 3000 of the required sample size of 3500 patients currently included, should provide valuable information on the effects of acute BP management in patients with an acute stroke [15] . Therefore, the optimal management of blood pressure in the setting of an acute ischemic stroke remains controversial. Most of the randomized control trials included patients with intracerebral hemorrhage, a group that might be expected to benefit from early blood pressure lowering. Additionally, treatment at earlier time points, for example within the first 12 hours, when patients may be more susceptible to deterioration following blood pressure lowering, may have been under-represented in these trials.
Current Recommendations for Blood Pressure Management
For patients with acute ischemic stroke who are not treated with rtPA the American Stroke Association (ASA) and European Stroke Organization (ESO) guidelines recommend cautiously lowering the blood pressure only if it is greater than 220/120 mm Hg [16] or if the patient has another clear indication such as active ischemic coronary disease, heart failure, aortic dissection, hypertensive encephalopathy, acute renal failure, or preeclampsia/eclampsia [5, 17] . When treatment is indicated, the blood pressure should be cautiously lowered by approximately 15 percent during the first 24 hours following stroke onset [17] .
Choice of Antihypertensive Agent
In order to avoid a precipitous drop in pressure that could further worsen cerebral ischemia, it is necessary to use treatments that can be easily controlled. Intravenous labetalol is generally the first drug of choice in the acute phase, since it allows rapid and safe titration to the goal blood pressure. Other first line agents include nicardipine and in certain cases hydralazine and enalaprilat may be considered [5] . The choice of the agent is also determined by cost and familiarity.
Intravenous nitroprusside should be considered secondline therapy since it carries the added theoretical risks of increasing intracranial pressure or affecting platelet function. Short-acting formulations of nifedipine should be avoided because they cause a prolonged and precipitous decline in blood pressure [5] . In addition, their use is associated with an increased risk of stroke, particularly in elderly patients [18] . Table 1 summarizes the commonly used agents for blood pressure control in acute stroke patients.
TREATMENT OF RELATIVE HYPOTENSION
Hypotension is relatively uncommon in stroke patients and is associated with an increased risk for early and late death. Potential etiologies of hypotension such as hypovolemia, hemorrhage, arrhythmias, decompensated congestive heart failure and aortic dissection should be diagnosed and corrected.
If hypotension develops post thrombolysis, extracranial hemorrhage or hemopericardium with cardiac tamponade should be considered and the appropriate investigations should be pursued.
Occasionally, patients may benefit from pharmacologic increases in blood pressure. Small studies identified a systolic blood pressure threshold below which ischemic deficits worsened [19] [20] [21] [22] [23] . In a retrospective review of 63 patients with ischemic stroke, 30 were treated with phenylephrine within 12 hours of symptom onset and 33 were not given pressor support. The authors found no significant difference in the morbidity or mortality between the 2 groups. In 10 of 30 patients treated with induced hypertension, a systolic blood pressure threshold (mean 156 mmHg) was identified below which ischemic deficits worsened and above which deficits improved. The mean number of stenotic arteries was greater in patients with an identified clinical blood pressure threshold for improvement subsequent to induced hypertension [19] .
In a second pilot study, Rordorf et al. also used phenylephrine to raise the systolic blood pressure in patients with acute stroke by 20%, but not to exceed 200 mm Hg. Of the 13 patients treated, 7 improved by 2 points on the NIHSS and no systemic or neurologicalcomplications were observed [20] .
The feasibility and safety of induced arterial hypertension (10 to 20% of the initial value) in the acute phase of ischemic stroke were retrospectively evaluated in 34 patients treated with norepinephrine (NE) for a median of 26 hours. The maximal variability of systolic blood pressure during NE application was within 15% of the target values. Early (within 8 hours of initiation) neurological improvement by ≥2 points on the NIHSS was seen in 9 (27%) of 33 patients. Intracranial hemorrhage occurred in 2 patients and one patient developed a cardiac arrhythmia [21] .
Hillis et al. [22] conducted a pilot, randomized trial to evaluate effects of pharmacologically induced blood pressure elevation on function and perfusion in acute stroke. Consecutive series of patients with large diffusion-perfusion mismatch were randomly assigned to induced blood pressure elevation ('treated' patients, n = 9) or conventional management ('untreated' patients, n = 6). Diffusion weighted imaging and perfusionweighted MRI studies were performed before and during the period of induced hypertension. Patients who were treated with induced hypertension showed significant improvement in NIHSS score from day 1 to day 3, cognitive score, and volume of hypoperfused tissue. High correlations were observed between the mean arterial pressure and accuracy on daily cognitive tests [22] . • If needed can be followed by an intravenous infusion at 2 to 8 mg/min • Aim for a 10% to 15% reduction in blood pressure Aggravation of asthma, bradycardia, congestive heart failure.
Nicardipine
• 5 to 10 mg/h by infusion initially
• Titrate dose to target blood pressure by increasing 2.5 mg/h every 5 minutes to a maximum of 15 mg/h • Aim for a 10% to 15% reduction in blood pressure Tachycardia, aggravation of angina.
Sodium Nitroprusside
• Initially, 0.5 ug/kg/min by intravenous infusion, with constant monitoring of blood pressure • Titrate dose to achieve target blood pressure (up to 8 ug/kg/min
• Aim for a 10% to 15% reduction in blood pressure Cyanide toxicity Potential increase in intracranial pressure Potential platelet dysfunction Koenig et al. [23] reported the analysis of 100 patients who underwent perfusion-weighted MRI after acute ischemic stroke. 46 of these patients were treated with induced hypertension with various vasopressors. The target mean arterial pressure augmentation of 10% to 20% above baseline was achieved in 35% of the 46 treated patients. Compared with 54 patients who underwent conventional treatment, NIHSS scores were similar during hospitalization and discharge, with no clear difference in rates of adverse events.
Theoretically, vasopressor-induced hypertension is an attractive method to increase CPP and CBF to the ischemic penumbra. However, the potential adverse affects of vasopressors including hemorrhagic conversion, cardiac ischemia, renal dysfunction and cerebral edema may counteract the potential benefits.
The available evidence suggests that a small subset of patients with ischemic stroke in the very acute period may benefit from modest (10%-20%) pharmacological elevation in systemic blood pressure. No clear criteria are validated for selection of such patients, although patients with large perfusion deficits caused by steno-occlusive disease who are not candidates for fibrinolytic and interventional treatments are the most often studied, as well as those patients who demonstrate neurological change that correlates with systemic blood pressure changes. A short period (30-60 minutes) of a vasopressor infusion trial may help identify patients who are potential responders to such treatment [5] .
HEMORRHAGIC STROKE
Twenty percent of strokes are hemorrhagic, with subarachnoid hemorrhage (SAH) and intracerebral hemorrhage each accounting for 10 percent.
Subarachnoid Hemorrhage
Most SAHs are caused by ruptured saccular aneurysms. Other causes include trauma, arteriovenous malformations, vasculitides, intracranial arterial dissections, amyloid angiopathy, bleeding diatheses, and illicit drug use. The overwhelming majority of patients present with a sudden onset of severe headache, which may be associated with brief loss of consciousness, seizures, nausea, vomiting, or meningismus. Noncontrast head CT reveals the diagnosis in more than 90 percent of cases if performed within 24 hours of bleeding onset. A lumbar puncture is mandatory if there is a strong suspicion of SAH despite a normal head CT. The classic findings are an elevated opening pressure and an elevated red blood cell count that does not diminish from CSF tube one to tube four.
Patients with SAH are usually admitted to an intensive care unit for continuous hemodynamic and neurologic monitoring. Complications of SAH include rebleeding, vasospasm, delayed cerebral ischemia, hydrocephalus, increased intracranial pressure, seizures, hyponatremia, cardiac abnormalities, hypothalamic dysfunction and pituitary insufficiency. Surgical clipping and endovascular coiling are effective in preventing rebleeding in aneurysmal bleeds and should be performed early.
Blood Pressure Management in SAH
The blood pressure is elevated in 56-100 % of patients during the acute phase of a SAH [24] . Although evidence demonstrating an association between increased BP and aneurysm rebleeding is limited [25, 26] , one study suggested that SBP greater than 160mmHg is a risk factor for rebleeding in the acute phase of SAH [27] . Another retrospective study reported that treating hypertension in SAH lowered the risk of rebleeding but increased the risk of ischemic stroke and did not improve 3-month clinical outcome [28] .
Although, the optimal therapy of hypertension in SAH is not clear, when blood pressure control is necessary, labetalol is the preferred agent. The use of vasodilators such as nitroprusside or nitroglycerin should be avoided because of their propensity to increase cerebral blood volume and therefore intracranial pressure.
During hospitalization, symptomatic vasospasm with delayed cerebral ischemia is a major complication accounting for up to 50% of deaths in SAH patients surviving to hospitalization. For patients with symptomatic vasospasm and a secured aneurysm, therapeutic hypertension may be beneficial. The goal is to prevent infarction by increasing MAP, and thus CBF, until neurological changes are reversed. A possible target range for SBP is 160-180mmHg, but this goal should be individualized based on age, severity, and cardiovascular comorbidities [29] [30] [31] . Therapeutic hypertension should be avoided in the setting of an unsecured aneurysm because of the risk of rebleeding [29] [30] [31] .
Epidural and Subdural Hemorrhage
Epidural hemorrhage is defined as blood in the potential space between the dura and the skull and is usually due to of traumatic injury. Patients with focal neurologic signs or symptoms should have emergent surgical hematoma evacuation [32] [33] [34] .
Subdural hemorrhage (SDH) is bleeding in the space between the dura and the arachnoid membranes. The mortality of acute SDH requiring surgery is high ranging between 40 and 60%. Age and neurologic status, as assessed with the Glasgow coma scale, are important prognostic indicators. Urgent surgical hematoma evacuation is generally recommended for patients who have evidence of neurologic deterioration since the time of injury and the potential for recovery [33] . Nonoperative management is generally suggested for patients who are clinically stable or improving or have no signs of brain herniation [34] .
Intracranial Hemorrhage
Hypertensive vasculopathy is the most common etiology of spontaneous intracerebral hemorrhage (ICH). Other causes include cerebral amyloid angiopathy and vascular malformations. Patients typically present with an acute onset of a focal neurologic deficit that corresponds to the part of the brain affected. With large hemorrhages, there is elevated intracranial pressure and suppressed level of consciousness. Seizures may also complicate 5 to 30 percent of hemorrhages. A noncontrast brain computed tomogram (CT) in patients with this presentation will usually demonstrate the hematoma.
The mean arterial pressure (MAP) is often elevated in patients with ICH and may provide a continued force for bleeding [35] [36] [37] . However, an increased MAP may also be necessary to maintain cerebral perfusion and aggressive lowering the arterial pressure could result in ischemia and worsen neurologic injury.
Blood Pressure Management in ICH
Limited prospective data are available regarding BP management in ICH. The Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial (INTERACT) randomized 404 patients with ICH to intensive blood pressure lowering treatment (systolic blood pressure (SBP) < 140 mmHg) compared with traditional management (target SBP < 180 mmHg). This study demonstrated a reduction in hematoma growth at 24 hours with intensive BP lowering (14 versus 26 percent), however, this finding did not achieve statistical significance after adjustment for initial hematoma volume and time from ICH onset to head CT [35] [36] [37] . There was also no effect of treatment on clinical outcomes at 90 days [36] . Smaller, nonrandomized studies have also found that more aggressive BP lowering is associated with strong trends toward reduced hematoma enlargement [35] [36] [37] [38] [39] .
The INTERACT 2 trial provides the best available evidence on acute blood-pressure management following ICH [40] . The investigators randomized 2839 patients who had a spontaneous ICH within the previous 6 hours and who had elevated systolic blood pressure to receive intensive treatment to lower their blood pressure (with a target systolic level of <140 mm Hg within 1 hour) or guidelinerecommended treatment (with a target systolic level of <180 mm Hg) using agents of the physician's choosing. The investigators found that blood pressure lowering therapy was safe as there were no significant differences between those receiving intensive blood pressure lowering treatment and those receiving the standard treatment with respect to outcomes such as neurologic deterioration, expansion of the intracerebral hemorrhage, ischemic stroke, cardiovascular events, or severe symptomatic hypotension. The primary end point was the modified Rankin scale (MRS). The MRS is a commonly used scale for measuring the degree of disability or dependence in daily activities in those who had suffered a neurological disability. The MRS showed a trend toward significance (P=0.06). However, when the end point was examined from a different prespecified vantage point -an ordinal analysis of the MRS (which has inherently better power to show effect) -there was a significant improvement in the outcome with intensive blood pressure lowering therapy [40, 41] .
Labetalol, nicardipine, esmolol, enalapril, hydralazine, nitroprusside, and nitroglycerin are useful intravenous agents for controlling blood pressure [38] . The current guidelines for managing elevated blood pressure in acute spontaneous ICH are summarized in Table 2 .
SUMMARY

•
Extremes of blood pressure in acute ischemic stroke are associated with poor outcomes and should be avoided. The BP in patients receiving thrombolytic therapy should be strictly maintained below 180/110 mmHg. In patients not receiving thrombolytic therapy, the BP should be cautiously lowered only if it is greater than 220/120 mmHg.
It remains unclear if the induction of hypertension is beneficial in relatively hypotensive ischemic stroke patients. Currently there is not sufficient evidence to recommend this in clinical practice.
In patients with acute SAH lowering the SBP below 160 mmHg may reduce the risk of aneurysmal rebleeding. In patients with a secured aneurysm and symptomatic vasospasm the systolic BP should be maintained in the range of 160-180 mmHg.
• Intensive blood pressure lowering to a target systolic blood pressure of 140 mmHg in patients with acute ICH appears to be safe and could reduce long term functional disability.
HYPERTENSIVE CRISIS
Because of advances in hypertensive therapy, only 1% of hypertensive patients will develop a hypertensive crisis. However, approximately 25% of neurological admissions from the emergency department are related to hypertensive crisis [42] . There is confusion in the literature on terminology. According to the Seventh Report of the Joint National Committee on Detection, Evaluation and Treatment of High Blood Pressure, hypertensive crisis is divided into either hypertensive urgency or emergency. Hypertensive urgency involves an elevated systolic pressure >180mm Hg or diastolic pressure >110 mm Hg, in the absence of end organ damage or dysfunction [43] . Patients presenting with hypertensive urgency may experience headache, shortness of breath or nose bleeds. When end organ damage/dysfunction is present, the classification is hypertensive emergency. A common manifestation of hypertensive emergency is hypertensive encephalopathy, which is related to cerebral edema. The edema is believed to result from loss of vascular autonomic regulation in the setting of severely elevated blood pressure. Clinically it manifests with nausea, vomiting, severe headache and/or altered mental status/seizure. One should keep in mind that hypertensive emergency does not specify a specific blood pressure level and may occur in normotensive or previously well controlled hypertensive patients with only a modest rise in blood pressure [44] . End organ damage or dysfunction, rather than the absolute degree of blood pressure elevation, dictates the manner in which blood pressure should be controlled ( Table 3) .
Hypertensive crises are usually found in non-compliant patients with chronic hypertension (essential or secondary). It may also be the first presentation of previously unrecognized hypertension. An acute increase in systemic vascular resistance related to humoral vasoconstrictors leads to an abrupt increase in BP which generates mechanical stress and endothelial injury resulting in increased permeability, activation of the coagulation cascade and platelets, and deposition of fibrin. This results in ischemia and the release of additional vasoactive mediators thus generating a vicious cycle of ongoing endothelial injury [45] . The renin-angiotensin system is activated, leading to further vasoconstriction and the production of proinflammatory cytokines such as interleukin-6. Pressure natriuresis in turn leads to volume depletion further stimulating the release of vasoconstrictor substances from the kidney [46] . These mechanisms collectively lead to the end-organ hypoperfusion, ischemia and dysfunction, all of which manifest as a hypertensive emergency.
Clinical Evaluation
Patients presenting with high blood pressure (usually defined as a systolic blood pressure >180 and/or a diastolic blood pressure >110) should be triaged earlier. History and physical assessment ( Table 4) should focus on signs and symptoms related to end organ damage. These include: Headache, nausea, vertigo, chest pain, back pain, shortness of breath, blurry vision, prior history of hypertension, medications, over-the-counter and illegal drug use. Patient adherence with their antihypertensive medications should be addressed as sudden withdrawal of these agents can precipitate such crises. 
Renal
Loss of kidney function Hematuria
Eyes
Papillary edema Bleed in the vessels
Pregnancy Eclampsia
Initial assessment should be directed towards finding neurological deficits and determining the volume status of the patient. Fundoscopic examination should be performed in every patient. Grade III (presence of hemorrhages, cotton wool spots, yellow-white exudates) and grade IV (papilledema accompanied by hemorrhages and exudates) retinopathies are the hallmarks of hypertensive emergency. Blood pressure should be taken in both arms and similarly bilateral radial and femoral pulses should be checked. A significant discrepancy (>20mm Hg in systolic pressures) between arms or lack of femoral pulses is suggestive of aortic dissection. Cardiovascular auscultation may reveal new murmurs. A diastolic murmur may be due to aortic insufficiency in the setting of aortic dissection, while a systolic murmur from mitral regurgitation may be the result of papillary muscle rupture due to myocardial ischemia. Signs of heart failure include: elevated jugular venous pressure, an S3 gallop, and the presence of rales on lung examination. An abdominal bruit may suggest renovascular disease as the cause of hypertension. Delirium or a flapping tremor is suggestive of hypertensive encephalopathy. However, hypertensive encephalopathy is a diagnosis of exclusion and other intracranial pathology such as stroke or subarachnoid hemorrhage should be excluded. Laboratory investigations (Table 4) include complete blood count (CBC) with peripheral smear for the presence of anemia and schistocytes suggesting microangiopathic hemolytic anemia. Serum electrolytes, creatinine, glucose, urinalysis including toxicology, and blood urea nitrogen (BUN) should be assessed. Hypokalemic metabolic alkalosis may be seen in cases of pheochromocytoma and renovascular hypertension due to volume depletion. An electrocardiogram (EKG) should be performed to evaluate myocardial ischemia and left ventricular hypertrophy. Chest radiography may show widened mediastinum suggestive of aortic dissection or increased interstitial markings from pulmonary edema. Brain CT and MRI are helpful in patients with neurological manifestations, but should not be performed routinely in every patient.
Therapeutic Management
As discussed earlier, the clinical condition, not the absolute blood pressure, should govern the rapidity with which blood pressure should be controlled in hypertensive crises. There is some dispute on how quickly and to what degree the blood pressure should be lowered due to lack of clinical outcome studies. The goal is to avoid overaggressive treatment of the non emergent patient while initiating the most appropriate treatment in patients with end organ dysfunction. Table 5A and B summarizes the characteristics of intravenous and oral drugs used in the management of hypertensive crises.
Hypertensive Emergency
Due to lack of clinical studies investigating optimum therapy in hypertensive emergency, therapy is not evidencebased and in general is largely based on consensus statements of the Seventh Report of the Joint National Committee on Detection, Evaluation and Treatment of High Blood Pressure [43] .
Patients presenting with hypertensive emergency should be admitted to the medical intensive care unit. Intravenous Nitroprusside can be used in many instances due to its short half-life. Cyanate and thiocyanate toxicity are rare and most often noted following continuous infusion for long periods (days), and more so in patients with hepatic and renal dysfunction [44] . Diuretics should be used only in patients with heart failure and pulmonary edema; as patients tend to be hypovolemic as a result of hypertension -induced natriuresis. Moreover, fluid replacement has been shown to lower blood pressure and improve renal function in patients with severe hypertension and evidence of hypovolemia [44] .
POSTERIOR REVERSIBLE ENCEPHALOPATHY SYNDROME (PRES)
This syndrome is characterized by headache, blurred vision, vomiting, seizures, altered mental status, and diffusion weighted MRI findings of edema in the white matter perfused by the posterior circulation.
Uncontrolled hypertension is the most common cause of this syndrome but it is also seen in the absence of hypertension with nephritic syndrome, systemic lupus erythematosus, sepsis, and immunosuppressant drug use [47] .
Pathophysiology
As per the widely accepted vasogenic theory, breakdown of the normal blood brain barrier results in vasogenic edema which has apparent predisposition for occipitoparietal areas in the posterior circulation [48, 49] . This could be secondary to the partial lack of sympathetic innervations of the vasculature which arise from the basilar artery system. Alternatively, the cytotoxic theory suggests that an acute rise in blood pressure leads to hypoperfusion causing hypoxia and subsequent endothelial damage which ultimately results in vasogenic edema.
Chronic hypertensive patients develop PRES at higher mean arterial pressures, usually >150 mm Hg, as compared to normotensive patients with acute rise in blood pressure [47] . While usually reversible, the early recognition and treatment of this syndrome is important to prevent permanent neurological sequelae. It should be managed as any other hypertensive emergency in an ICU setting with short acting IV agents that are easily titrated to avoid precipitous fall in blood pressure.
